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Multi-component reactions (MCRs) have attracted consider-
able attention in the organic syntheses as they can produce
target products in a single operation without isolating the
intermediates and thus reducing the reaction times and energy
(Domling and Ugi, 2000; Zhu and Bienayme, 2005). Therefore,
the design of novelMCRs has attracted great attention from the
research groups working in medicinal chemistry and drug dis-
covery. Some of the examples ofMCRs includes Bigenilli (Slimi
et al., 2011), Ugi (Keating and Armstrong, 1995), Passerini
(Kobayashi et al., 1998) and Mannich (Zhao et al., 2004) reac-tions. Nevertheless, development and discovery of new MCRs
are still in demand.
o-Quinone methides (o-QMs) have emerged as interesting
molecules due to their toxicological properties against both
normal and cancerous cells and also proposed intermediary
in the formation of many biologically important polymers
(Brousmiche, 1998). o-QMs also act as intermediates for the
synthesis of antitumour agents (Song et al., 2006). One of
the tandem reactions which involves the in situ generation of
o-QMs and their reaction with acetamide or benzamide gives
amidoalkyl naphthols (Khosropour et al., 2005). 1-Amidoalkyl
naphthols can be easily hydrolysed to 1-aminoalkyl naphthol,
which shows biological activities like depressor and brady-car-
diac effect (Shen et al., 1999; Dingermann et al., 2004). This
1-aminoalkyl alcohol-type ligand has been used for asymmet-
ric synthesis and also as a catalyst (Hulst et al., 1996; Li
et al., 1999).
1-Amidoalkyl-2-naphthols can be also converted into 1,3-
oxazine derivatives (Damodiran et al., 2009). 1,3-Oxazines
have potentially different biological activities including antibi-
otic (Kusakabe et al., 1972), antitumour (Remillard et al.,
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Scheme 1 Synthesis of amidoalkyl naphthols in the presence of ZrOCl2Æ8H2O (2 mol%) under solvent-free conditions.
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(Mosher et al., 1953), antipsychotic (Peglion et al., 1997), anti-
malarial (Ren et al., 2001), antianginal (Benedini et al., 1995),
antihypertensive (Clark et al., 1983), and antirheumatic prop-
erties (Matsuoka et al., 1997). One-pot multi-component con-
densation of b-naphthol with aromatic aldehydes and amide
derivatives or acetonitrile has been used as a practical synthetic
route towards 1-amidoalkyl-2-naphthols.
Several Lewis and Brønsted acids have been applied to
catalyse this transformation, such as silica gel supported –
SO3H functionalized benzimidazolium based ionic liquid
(Kotadia and Soni, 2012), wet cyanuric chloride (Mahdavinia
and Bigdeli, 2009), trityl chloride (Khazaei et al., 2010),
H3PW12O40 (Dorehgiraee et al., 2009), N-(4-sulphonic acid)-
butyl triethylammonium hydrogensulphate (Hajipour et al.,
2009), 1-butyl-3-methylimidazolium hydrogen sulfate (Sapkal
et al., 2009), bismuth nitrate (Wang et al., 2012), H4SiW12O40
(Supale and Gokavi, 2010), montmorillonite K-10 clay (Kante-
vari et al., 2007), Ce(SO4)2 (Selvam and Perumal, 2006), iodine
(Das et al., 2007), K5CoW12O40.3H2O (Nagarapu et al., 2007),
p-TSA (Khodaei et al., 2006), sulphamic acid (Patil et al.,
2007a,b), cation-exchanged resins (Patil et al., 2007a,b), silica
sulphuric acid (Srihari et al., 2007), SiO2–FeCl3 (Shaterian
and Yarahmadi, 2008), SiO2–HClO4 (Shaterian et al., 2008),
polyphosphate ester (Moghanian and Ebrahimi, 2014), amber-
lite IR-120 (Forouzani and Ghasemnejad-Bosra, 2011),
Sr(OTf)2 (Su et al., 2008), molybdophosphoric acid (Jiang
et al., 2008), 1-hexanesulphonic acid sodium salt (Niralwad
et al., 2011), P2O5 (Nandi et al., 2009), Thiamine hydrochlo-
ride (Lei et al., 2009) and sulphonic acid functionalized
imidazolium salts (Zolﬁgol et al., 2011).
However, some of these catalysts suffer from the draw-
back of prolonged reaction times, toxic reagents, and low
yields. The recovery and reusability of the catalyst are also
a problem. Therefore, the cleaning processes and utilizing
eco-friendly, heterogeneous, and green catalysts, which can
be simply recycled at the end of reactions have been under
permanent attention. The demand for environmentally benign
procedure with heterogeneous and reusable catalyst (Anastas
and Warner, 2000) promoted us to develop a safe alternate
method for the synthesis of amidoalkyl naphthols. This is
an active ongoing research area and there is a scope for fur-
ther improvement towards mild reaction conditions and im-
proved yields.Recently, the use of ZrOCl2Æ8H2O as a catalyst in organic
synthesis has increased considerably. ZrOCl2Æ8H2O is a com-
mercially available solid chemical. Due to its low toxicity
(LD50 [ZrOCl2Æ8H2O oral rate] = 2950 mg/kg), low costs, ease
of handling, high activity, ZrOCl2Æ8H2O is the potential green
catalyst or reagent which is of importance from different views
(Firouzabadi and Jafarpour, 2008). ZrOCl2Æ8H2O is effectively
used as a catalyst in organic reactions, such as the synthesis of
5-aryl-2-oxazolidinones from aziridines and CO2 (Wu et al.,
2009), nitration of phenolic compounds (Shi et al., 2005), acyl-
ation of alcohols, phenols, amines and thiols (Ghosh et al.,
2005), esteriﬁcation of carboxylic acids and alcohols (Sun
et al., 2006), Michael addition of amines and indoles to a, b-
unsaturated ketones (Firouzabadi et al., 2006), Biginelli reac-
tion (Rodriguez-Dominguez et al., 2007), Mannich-type reac-
tions (Eftekhari-Sis et al., 2006), synthesis of xanthenedione
derivatives (Mosaddegh et al., 2012). Zirconyl chloride was
also proven to be highly effective for the synthesis of b-acetam-
ido ketones (Ghosh et al., 2006), enaminones and enamino es-
ters (Zhang et al., 2007), a-aminophosphonates (Bhagat and
Chakraborti, 2008) and homoallylic alcohols or amines (Shen
et al., 2008). Furthermore, ZrOCl2Æ8H2O is regarded to be an
ionic cluster of [Zr4(OH)8(H2O)16]Cl8Æ12H2O; and whereby the
zirconium cation cluster [Zr4(OH)8(H2O)16]
8+ is usually
thought to be the active species for the Lewis acid-catalysed
reactions.
As a part of our ongoing research devoted to the develop-
ment of useful synthetic methodologies (Mansoor et al., 2011,
2015), herein we report an efﬁcient and practical method for
the synthesis of 1-amidoalkyl-2-naphthol derivatives through
a coupling reaction of aldehyde, b-naphthol, amide/urea in
the presence of ZrOCl2Æ8H2O as catalyst (Scheme 1).
2. Experimental
2.1. Apparatus and analysis
All chemicals were purchased from Aldrich Chemical Co. and
solvents were used without further puriﬁcation. Analytical
thin-layer chromatography was performed with E. Merck silica
gel 60F glass plates. Visualization of the developed chromato-
gram was performed by UV light (254 nm). Column chroma-
tography was performed on silica gel 90, 200–300 mesh.
Melting points were determined with Shimadzu DS-50 thermal
140 S. Sheik Mansoor et al.analyser. 1H NMR spectra were recorded on Bruker AM 300
(300 MHz) using TMS as internal standard. 13C NMR spectra
were recorded on Bruker (125 MHz) using TMS as internal
standard. FT-IR spectra were obtained as KBr discs on Shima-
dzu spectrometer. Mass spectra were determined on a Varian–
Saturn GS/MS instrument. Elemental analyses were measured
by means of Perkin Elmer 2400 CHN elemental analyser
ﬂowchart.
2.2. General procedure for the synthesis of amidoalkyl naphthols
(4)
A mixture of b-naphthol (10 mmol), an aldehyde (10 mmol),
and an amide (11 mmol), ZrOCl2Æ8H2O (2 mol%) was rapidly
stirred and heated at 80 C. After the TLC indicates the disap-
pearance of starting materials, the reaction was cooled to room
temperature, ethanol (20 ml) was added and the insoluble mate-
rial was ﬁltered to separate the catalyst. The ﬁltrate was concen-
trated under vacuum and the crude residue was puriﬁed by
crystallization in ethanol: water (1:3) to afford pure amidoalkyl
naphthol. The catalyst ﬁltered was washed with methanol
(3 · 10 ml). All the products obtained were fully characterized
by spectroscopic methods such as IR, 1H NMR, 13C NMR,
mass spectroscopy and elemental analysis and have been iden-
tiﬁed by the comparison of the spectral data with those
reported.
2.3. Spectral data for some selected compounds
2.3.1. N-[Phenyl-(2-hydroxynapthalen-1-yl)-methyl]-
acetamide (Compound 4a)
IR (KBr, cm1): 3407, 3246, 3062, 1640, 1582, 1514, 1372, 1337,
1060, 808, 742, 696, 623. 1H NMR (300 MHz, DMSO-d6):
d = 2.06 (s, 3H, CH3), 9.97 (s, 1H, OH), 7.40 (d, J= 8.0 Hz,
1H), 8.11 (d, J= 8.0 Hz, 1H), 7.01–7.20 (m, 8H, ArH), 7.65–
7.73 (m, 3H, ArH), ppm; 13C NMR (125 MHz, DMSO-d6):
d = 23.2, 40.3, 119.2, 119.4, 122.9, 123.8, 126.6, 126.8, 128.5,
126.8, 128.9, 129.1, 129.8, 132.8, 143.1, 153.7, 169.0 ppm; MS
(ESI): m/z 292 (M+H)+. Anal. Calcd for C19H17NO2: C,
78.35; H, 5.84; N, 4.81. Found: C, 78.30; H, 5.79; N, 4.87%.
2.3.2. N-[(4-Chlorophenyl)-(2-hydroxynapthalen-1-yl)-
methyl]-acetamide (Compound 4g)
IR (KBr, cm1): 3392, 2962, 2700, 2613, 1637, 1577, 2523,
1490, 1436, 1374, 1331, 1278, 1243, 1171, 1091, 819, 747,
588, 499. 1H NMR (300 MHz, DMSO-d6): d = 2.05 (s, 3H,
CH3), 9.95 (s, 1H, OH), 7.68 (d, J= 7.6 Hz, 1H), 8.24 (d,
J= 8.0 Hz, 1H), 7.21–7.32 (m, 5H, ArH), 7.60–7.72 (m, 3H,
ArH), 7.11–7.16 (m, 2H, ArH), ppm; 13C NMR (125 MHz,
DMSO-d6): d = 19.9, 22.8, 47.9, 119.1, 119.5, 122.9, 127.2,
128.4, 128.5, 129.1, 129.5, 130.4, 131.6, 132.9, 144.1, 152.4,
166.8 ppm; MS (ESI): m/z 326 (M+H)+. Anal. Calcd for
C19H16ClNO2: C, 70.05; H, 4.92; N, 4.30. Found: C, 70.10;
H, 4.98; N, 4.37%.
2.3.3. N-[(4-Bromophenyl)-(2-hydroxynaphthalen-1-yl)-
methyl]-acetamide (Compound 4h)
IR (KBr, cm1): 3463, 3349, 2967, 1651, 1596, 1572, 1505,
1433, 1349, 1289, 1146, 1062, 826. 1H NMR (300 MHz,
DMSO-d6): d = 2.01 (s, 3H, CH3), 9.78 (s, 1H, OH), 7.80 (d,
J= 8.0 Hz, 1H), 8.34 (d, J= 8.0 Hz, 1H), 7.16–7.28 (m, 5H,
ArH), 7.55–7.70 (m, 3H, ArH), 6.96–7.04 (m, 2H, ArH),ppm; 13C NMR (125 MHz, DMSO-d6): d = 20.6, 23.1, 48.1,
118.9, 119.0, 123.0, 126.9, 128.9, 128.4, 129.1, 129.1, 130.0,
131.2, 132.7, 142.3, 153.7, 169.9 ppm; MS (ESI): m/z 370
(M+H)+. Anal. Calcd for C19H16BrNO2: C, 61.64; H, 4.33;
N, 3.78. Found: C, 61.68; H, 4.39; N, 3.71%.
2.3.4. N-[(3-Fluorophenyl)-(2-hydroxynapthalen-1-yl)-
methyl]-acetamide (Compound 4i)
IR (KBr, cm1): 3410, 3160, 1640, 1589, 1545, 1484, 1439, 1335,
1280, 1064, 989, 814, 497; 1H NMR (300 MHz, DMSO-d6):
d = 1.99 (s, 3H, CH3), 9.66 (s, 1H, OH), 7.66 (d, J= 8.2 Hz,
1H), 8.44 (d, J= 8.1 Hz, 1H), 7.20–7.32 (m, 5H, ArH), 7.62–
7.80 (m, 3H, ArH), 6.88–7.00 (m, 2H, ArH), ppm; 13C NMR
(125 MHz, DMSO-d6): d = 22.8, 48.2, 114.9, 115.0, 118.7,
119.1, 122.7, 126.8, 127.9, 128.6, 128.9, 129.5, 130.3, 132.7,
138.8, 152.9, 159.9, 161.8, 168.4 ppm; MS (ESI): m/z 310
(M+H)+. Anal. Calcd for C19H16FNO2: C, 73.78; H, 5.17;
N, 4.53. Found: C, 73.73; H, 5.11; N, 4.59%.
2.3.5. N-[(4-Fluorophenyl)-(2-hydroxynapthalen-1-yl)-
methyl]-acetamide (Compound 4j)
IR (KBr, cm1): 3392, 3146, 1678, 1579, 1555, 1463, 1422, 1321,
1288, 1055, 978, 794, 547; 1H NMR (300 MHz, DMSO-d6):
d = 1.95 (s, 3H, CH3), 9.82 (s, 1H, OH), 7.59 (d, J = 8.0 Hz,
1H), 8.48 (d, J = 8.1 Hz, 1H), 7.04–7.16 (m, 5H, ArH), 7.66–
7.82 (m, 3H, ArH), 6.82–6.96 (m, 2H, ArH), ppm; 13C NMR
(125 MHz, DMSO-d6): d = 23.2, 47.9, 115.1, 115.3, 119.0,
119.1, 122.9, 126.9, 128.4, 128.5, 128.9, 129.1, 129.9, 132.7,
139.2, 153.6, 160.3, 162.2, 169.7 ppm; MS (ESI): m/z 310
(M+H)+. Anal. Calcd for C19H16FNO2: C, 73.78; H, 5.17;
N, 4.53. Found: C, 73.72; H, 5.19; N, 4.50%.
2.3.6. N-[(3-Nitrophenyl)-(2-hydroxynapthalen-1-yl)-methyl]-
acetamide (Compound 4k)
IR (KBr, cm1): 3373, 3088, 2598, 1645, 1524, 1350, 1232, 1158,
1063, 808, 705. 1H NMR (300 MHz, DMSO-d6): d = 2.08 (s,
3H, CH3), 10.08 (s, 1H, OH), 7.66 (d, J = 7.8 Hz, 1H), 8.54
(d, J= 8.1 Hz, 1H), 7.15–7.49 (m, 5H, ArH), 7.78–8.04 (m,
5H, ArH), ppm; 13C NMR (125 MHz, DMSO-d6): d = 23.1,
48.2, 118.3, 118.9, 120.9, 121.8, 123.2, 127.3, 123.2, 128.9,
129.2, 130.1, 130.5, 132.6, 133.4, 145.9, 148.2, 153.9,
170.3 ppm; MS (ESI): m/z 337 (M+H)+. Anal. Calcd for
C19H16N2O4: C, 67.86; H, 4.76; N, 8.33. Found: C, 67.81; H,
4.80; N, 8.30%.
2.3.7. N-[2-chlorophenyl-(2-hydroxynapthalen-1-yl)-methyl]-
benzamide: (Compound 4p)
IR (KBr, cm1): 3433, 3177, 1643, 1536, 1489, 1442, 1366,
1244, 800, 740. 1H NMR (300 MHz, DMSO-d6) d = 9.96 (s,
1H, OH), 7.42 (d, J= 7.8 Hz, 1H), 8.66 (d, J= 8.2 Hz, 1H),
7.12–7.62 (m, 11H, ArH), 7.85–7.99 (m, 4H, ArH), ppm; 13C
NMR (125 MHz, DMSO-d6) d = 48.04, 117.90, 118.88,
119.94, 122.96, 127.12, 127.44, 128.34, 128.74, 129.34, 130.24,
131.50, 131.88, 133.00, 134.34, 142.12, 154.14, 168.08, ppm;
MS (ESI): m/z 388 (M+H)+. Anal. Calcd for C24H18ClNO2:
C, 74.33; H, 4.64; N, 3.61. Found: C, 74.38; H, 5.60; N, 3.66%.
2.3.8. N-[4-ﬂuorophenyl-(2-hydroxynapthalen-1-yl)-methyl]-
benzamide: (Compound 4r)
IR (KBr, cm1): 3412, 3177, 1633, 1519, 1480, 1433, 1332,
1274, 822, 732. 1H NMR (300 MHz, DMSO-d6) d = 9.88 (s,
1H, OH), 7.59 (d, J= 7.6 Hz, 1H), 8.68 (d, J= 8.2 Hz, 1H),
Table 1 Amidoalkylation reaction of b-naphthol, benzaldehyde and acetamide catalysed by ZrOCl2Æ8H2O under various conditions.
a
Entry Solvent Amount of catalyst (mol%) Time (h) Yieldb (%)
1 Ethanol 2 3 70
2 Acetonitrile 2 4 75
3 Cyclohexane 2 4 80
4 THF 2 4 55
5 Toluene 2 4 40
6 DMF 2 4 88
7 Methanol 2 3 70
8 1,4-Dioxane 2 4 73
9 Dichloroethane 2 3 80
10 None 2 0.5 96
a Reaction conditions: b-naphthol (10 mmol), benzaldehyde (10 mmol) and acetamide (11 mmol), the amount of solvent used for entries 1–9
was 5 mL.
b Isolated yields.
Table 2 Optimization of temperature using ZrOCl2Æ8H2O
(2 mol%) as catalyst.a
Entry Temperature (C) Time (min) Yieldb (%)
1 50 150 77
2 60 100 85
3 70 60 90
4 80 30 96
5 90 30 92
6 100 30 92
7 110 30 90
a Reaction conditions: b-naphthol (10 mmol), benzaldehyde
(10 mmol) and acetamide (11 mmol) under solvent-free condition.
b Isolated yields.
Table 3 Recyclability of the catalyst in the synthesis of
amidoalkyl naphthols from b-napthol, benzaldehyde and
acetamide/benzamide/urea using ZrOCl2Æ8H2O under solvent-
free condition.a
Entry 4a 4 m 4u
Yieldb (%) Yieldb (%) Yieldb (%)
1 96 94 92
2 95 93 92
3 94 92 91
4 93 92 89
a Reaction conditions: b-naphthol (10 mmol), benzaldehyde
(10 mmol) and benzamide/acetamide/urea (11 mmol).
b Isolated yields.
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NMR (125 MHz, DMSO-d6) d = 44.33, 116.44, 118.98,
121.24, 125.12, 126.77, 127.881, 128.93, 129.22, 129.84,
130.34, 131.80, 32.91, 132.69, 136.60, 143.68, 156.22, 164.66,
ppm; MS (ESI): m/z 372 (M+H)+. Anal. Calcd for
C24H18FNO2: C, 77.62; H, 4.85; N, 3.77. Found: C, 77.68;
H, 4.80; N, 3.79%.
2.3.9. N-[3-nitrophenyl -(2-hydroxynapthalen-1-yl)-methyl]-
benzamide: (Compound 4s)
IR (KBr, cm1): 3413, 3180, 1644, 1522, 1468, 1428, 1356, 1272,
800, 712. 1H NMR (300 MHz, DMSO-d6) d = 9.99 (s, 1H,
OH), 7.40 (d, J= 7.4 Hz, 1H), 8.88 (d, J= 8.2 Hz, 1H),
7.08–7.30 (m, 5H, ArH), 7.56–7.69 (m, 6H, ArH), 7.80–8.03
(m, 4H, ArH), ppm; 13C NMR (125 MHz, DMSO-d6)
d = 46.20, 117.55, 119.43, 120.34, 124.56, 127.2, 127.91,
128.75, 128.94, 129.43, 130.22, 131.32, 131.76, 132.78, 133.92,
140.89, 150.82, 164.30, ppm; MS (ESI): m/z 399 (M+H)+.
Anal. Calcd for C24H18N2O4: C, 72.36; H, 4.52; N, 7.03.
Found: C, 72.30; H, 4.50; N, 7.00%.
2.3.10. N-[4-nitrophenyl-(2-hydroxy-napthalen-1-yl)-methyl]-
benzamide: (Compound 4t)
IR (KBr, cm1): 3444, 3155, 1649, 1510, 1493, 1447, 1347, 1244,
803, 713. 1H NMR (300 MHz, DMSO-d6) d = 10.24 (s, 1H,
OH), 7.98 (d, J= 7.8 Hz, 1H), 9.00 (d, J= 8.0 Hz, 1H), 7.10–
7.25 (m, 4H, ArH), 7.46–7.66 (m, 7H, ArH), 7.76–7.98 (m,
4H, ArH), ppm; 13C NMR (125 Hz, DMSO-d6) d = 48.20,
116.29, 118.78, 119.94, 122.49, 125.42, 126.91, 128.54, 128.84,
129.55, 130.27, 131.48, 131.96, 132.69, 134.32, 141.78, 153.72,
165.44, ppm; MS (ESI): m/z 399 (M+H)+. Anal. Calcd for
C24H18N2O4: C, 72.36; H, 4.52; N, 7.03. Found: C, 72.32; H,
4.57; N, 7.09%.
2.3.11. 1-((2-Hydroxynaphthalen-1-yl)(4-
chlorophenyl)methyl)urea (Compound 4w)
IR (KBr, cm1): 3433, 3201, 2945, 1661, 1522, 1418, 1378, 1044,
823, 731, 668. 1H NMR (300 MHz, DMSO-d6): d = 10.02 (s,
1H, OH), 7.66 (d, J = 7.6 Hz, 1H), 8.90 (d, J= 8.0 Hz, 1H),
6.04 (s, 2H, NH2), 7.49–7.68 (m, 4H, ArH), 7.03–7.22 (m, 6H,
ArH), ppm; 13C NMR (125 MHz, DMSO-d6): d = 44.9,
115.2, 119.2 120.5, 123.3, 124.1, 126.4, 127.6, 128.0, 141.6,
150.3, 156.4, ppm; MS (ESI): m/z 327 (M+H)+. Anal. Calcd.
for C18H15ClN2O2: C, 66.17; H, 4.59; N, 8.58. Found: C,
66.24; H, 4.52; N, 8.52%.2.3.12. 1-((2-Hydroxynaphthalen-1-yl)(3-
nitrophenyl)methyl)urea (Compound 4x)
IR (KBr, cm1): 3450, 3216, 2939, 1634, 1527, 1444, 1350, 1048,
800, 739, 678. 1H NMR (300 MHz, DMSO-d6): d = 9.92 (s,
1H, OH), 7.48 (d, J= 7.4 Hz, 1H), 8.88 (d, J= 8.1 Hz, 1H),
5.90 (s, 2H, NH2), 7.44–7.66 (m, 4H, ArH), 7.00–7.28 (m,
6H, ArH), ppm; 13C NMR (125 MHz, DMSO-d6): d = 45.3,
112.0, 117.9 124.8, 126.3, 127.1, 127.9, 128.6, 132.9, 148.9,
156.8, 159.6, ppm; MS (ESI): m/z 338 (M+H)+. Anal. Calcd.
for C18H15N3O4: C, 64.09; H, 4.45; N, 12.46. Found: C, 64.02;
H, 4.50; N, 12.41%.
Table 4 The solvent-free synthesis of amidoalkyl naphthols from b-napthol, aromatic aldehydes and amides/urea using ZrOCl28H2O as catalyst.
Entry Aldehyde Amide/urea Product Time (min) Yieldb (%) Mp (C) found Mp (C) lit.
1 CHO CH3CONH2
OH
NHCOCH3
4a
30 96 240–242 (242–244)c
2 CHO
CH3
CH3CONH2
OH
NHCOCH3
CH3 4b
45 89 198–200 (199–202)d
3
CHO
H3C
CH3CONH2
OH
NHCOCH3
H3C 4c
45 90 221–223 (222–224)e
4 CHO
OCH3
CH3CONH2
OH
NHCOCH3
OCH3 4d
30 92 202–204 (203–205)c
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7 CHO
Cl
CH3CONH2
OH
NHCOCH3
Cl 4g
45 87 222–224 (223–225)e
8 CHO
Br
CH3CONH2
OH
NHCOCH3
Br 4h
45 85 230–232 (228–230)c
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Table 4 (continued)
Entry Aldehyde Amide/urea Product Time (min) Yieldb (%) Mp (C) found Mp (C) lit.
9 CHO
F
CH3CONH2
OH
NHCOCH3
F 4i
45 86 246–248 (248–249)e
10 CHO
F
CH3CONH2
OH
NHCOCH3
F 4j
45 89 231–233 (230–232)e
11 CHO
NO2
CH3CONH2
OH
NHCOCH3
NO2 4k
45 83 218–220 (212–214)c
12 CHO
O2N
CH3CONH2
OH
NHCOCH3
O2N
4l
45 82 249–251 (248–250)e
1
4
4
S
.
S
h
eik
M
a
n
so
o
r
et
a
l.
13 CHO C6H5CONH2
OH
NHCOC6H5
4m
30 94 236–238 (237–239)d
14 CHO
H3C
C6H5CONH2
OH
NHCOC6H5
H3C 4n
45 90 206–208 (207–209)g
15 CHO
H3CO
C6H5CONH2
OH
NHCOC6H5
H3CO 4o
45 92 208–210 (209–210)f
16 CHO
Cl
C6H5CONH2
OH
NHCOC6H5
Cl 4p
40 90 283–285 (282–284)f
17 CHO
Cl
C6H5CONH2
OH
NHCOC6H5
Cl 4q
40 90 177–179 (178–180)d
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Table 4 (continued)
Entry Aldehyde Amide/urea Product Time (min) Yieldb (%) Mp (C) found Mp (C) lit.
18 CHO
F
C6H5CONH2
OH
NHCOC6H5
F 4r
40 88 191–193 (192–194)d
19 CHO
NO2
C6H5CONH2
OH
NHCOC6H5
NO2 4s
40 86 217–219 (216–218)f
20 CHO
O2N
C6H5CONH2
OH
NHCOC6H5
O2N 4t
40 88 227–229 (228–230)f
21 CHO NH2CONH2
OH
NHCONH2
4u
30 92 176–178 (174–175)f
1
4
6
S
.
S
h
eik
M
a
n
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o
r
et
a
l.
22 CHO
H3C
NH2CONH2
OH
NHCONH2
H3C 4v
45 90 116–118 (117–118)g
23 CHO
Cl
NH2CONH2
OH
NHCONH2
Cl 4w
40 89 166–168 (168–169)f
24 CHO
NO2
NH2CONH2
OH
NHCONH2
NO2 4x
40 83 192–194 (193–194)f
aReaction conditions: b-naphthol (10 mmol), aromatic aldehydes (10 mmol) and acetamide/benzamide/urea (11 mmol); ZrOCl2Æ8H2O 2 mol%, 80 C.
b Isolated yield.
c Kantevari et al. (2007).
d Zolﬁgol et al. (2011).
e Shaterian et al. (2008).
f Deepali et al. (2012)
g Wang et al. (2012).
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Table 5 Comparison of ZrOCl2Æ8H2O with other catalysts reported in the literature for the synthesis of N-[phenyl-(2-
hydroxynapthalen-1-yl)-methyl]-acetamide.a
Entry Catalyst Amount; condition Time Yieldb (%) Lit.
1 Ce(SO4)2 100 mol%; CH3CN, reﬂux 36 h 72 (Ref)
c
2 I2 5 mol%; solvent-free 125 C 5.5 h 85 (Ref)d
3 Montmorillonite K 10 Clay 0.1 g; solvent-free, 125 C 1.5 h 89 (Ref)e
4 K5CoW12O40.3H2O 1 mol%; solvent-free. 125 C 2 h 90 (Ref)f
5 Sr(OTf)2 10 mol% ; CHCl3, reﬂux 9 h 93 (Ref)
g
6 p-TSA 10 mol%; solvent-free, 125 C 5 h 88 (Ref)h
7 Sulphamic acid 50 mol%; solvent-free, 30 C 15 min 88 (Ref)i
8 Silica sulphuric acid 0.02 g; solvent-free, r.t 2 h 85 (Ref)j
9 SiO2–HClO4 0.6 mol%; solvent-free, 125 C 40 min 89 (Ref)k
10 ZrOCl2Æ8H2O 2 mol%; solvent-free; 80 C 0.5 h 96 This work
a Reaction conditions: b-naphthol (10 mmol), benzaldehyde (10 mmol) and acetamide (11 mmol).
b Isolated yield.
c Selvam and Perumal (2006).
d Das et al. (2007).
e Kantevari et al. (2007).
f Nagarapu et al. (2007).
g Su. (2008).
h Khodaei et al. (2006).
i Patil et al. (2007a).
j Srihari et al. (2007).
k Shaterian et al. (2008).
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3.1. Effect of solvent and catalysis
The solvents played an important role in the synthesis of amid-
oalkyl naphthols. First, in order to optimize the reaction con-
ditions, various reaction media were screened (ethanol,
acetonitrile, cyclohexane, THF, toluene, DMF, methanol,
1,4-dioxane and dichloroethane) using the model reaction of
b-naphthol, benzaldehyde and acetamide (Table 1, entries 1–
9). It was found that the best results were obtained with
2 mol% ZrOCl2Æ8H2O under solvent-free conditions (Table
1, entry 10). The reaction was completed within 30 min and
the expected product was obtained in a 96% yield.
3.2. Optimization of temperature
We have also examined the effect of temperature in a solvent-
free condition. The reaction has been studied at various tem-
peratures from 50 to 110 C. The yield of the product increased
up to 80 C. After 80 C, increasing temperature leads to de-
crease in yields. For example the reaction of benzaldehyde,
b-naphthol and acetamide at 100 C in a solvent-free condition
gave the corresponding product (Table 2, entry 6) in 92%
yield, while decreasing the temperature to 80–85 C leads to
the product in 96% yield. Therefore, our optimized condition
is 2 mol% of ZrOCl2Æ8H2O and 80–85 C without solvent.
3.3. Reusability of the catalyst
The reusability of the catalyst is one of the most important
beneﬁts and makes it useful for commercial applications. Thus
the recovery and reusability of ZrOCl2Æ8H2O were investi-
gated. In these experiments, the reaction mixture was isolated
with ethanol. The catalyst was easily reused by ﬁltration afterwashing with methanol and drying at 60 C. The recycled cat-
alyst has been examined in the next run. The reusability of the
catalyst has been studied for the synthesis of compounds 4a,
4m and 4u. The ZrOCl2Æ8H2O catalyst could be reused four
times without any loss of its activity (Table 3).
3.4. Synthesis of various amidoalkyl naphthols
To investigate the versatility of the catalyst, the reaction of b-
naphthol and various aromatic aldehydes and amides was car-
ried out under solvent-free conditions in 80–85 C using
2 mol% of ZrOCl2Æ8H2O. Amidoalkyl naphthols containing
electron-withdrawing groups such as nitro group or electron-
donating groups such as alkyl and alkoxy groups were formed
in a short experimental time (30–45 min) with high yields (83–
96%) (Table 4). In addition, urea and different amines such as
benzamide and acetamide worked equally (4a–4x). The cata-
lyst was easily regenerated by ﬁltering the reaction mixture
after completion of reaction.
3.5. Comparison of ZrOCl2Æ8H2O with other catalysts
In order to show the merit of ZrOCl2Æ8H2O in comparison
with the other reported catalysts, we summarized some of
the results for the preparation of N-[Phenyl-(2-hydroxynapth-
alen-1-yl)-methyl]-acetamide (4a) in Table 5. The results
showed that ZrOCl2Æ8H2O is a more efﬁcient catalyst with re-
spect to reaction temperature, catalyst load, reaction time and
yield than those reported ones.
Zirconyl(IV) chloride catalysed multi-component reaction
of b-naphthols - an expeditious synthesis of amidoalkyl naph-
thols has been reported recently (Nagawade and Shinde, 2007).
In this method amidoalkyl naphthols were prepared in the
presence of 10 mol% ZrOCl2Æ8H2O at room temperature using
1,2-dichloromethane as solvent. The reaction was completed in
ZrOCl2Æ8H2O: An efﬁcient and recyclable catalyst for the three-component synthesis 1499–25 h with 25–86% of yield. But in the present work we have
prepared amidoalkyl naphthols in the presence of 2 mol%
ZrOCl2Æ8H2O under solvent-free condition at 80
oC. The reac-
tion is completed within 30–45 min. with 82–96% of yield
(Table 4).We have described the reusability of the catalyst also.
4. Conclusions
From the results of the above study it can be concluded that
the synthesis of amidoalkyl naphthols catalysed by ZrOCl2Æ8-
H2O offers several signiﬁcant advantages such as short
reaction time (30 min–45 min), mild reaction condition,
simple work-up, excellent yields (82–96%), and extensive
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